The review of available data on the concentrations of asbestos in U.S. water supplies suggests that the majority of water consumers are not exposed to asbestos concentrations over 1 million fibers/Liter. A few populations, however, may be exposed to concentrations over 1 billion fibers/L. Of the 538 water supplies for which waterborne asbestos data are available, 8% have concentrations of fibers over 10 million fibers/L.
Asbestos in Water Supplies of the United States by James R. Millette,* Patrick J. Clark,* Judy Stober* and Montiel Rosenthal* The review of available data on the concentrations of asbestos in U.S. water supplies suggests that the majority of water consumers are not exposed to asbestos concentrations over 1 million fibers/Liter. A few populations, however, may be exposed to concentrations over 1 billion fibers/L. Of the 538 water supplies for which waterborne asbestos data are available, 8% have concentrations of fibers over 10 million fibers/L.
The vast majority of asbestos fibers found in U.S. water supplies are under 5 ,um in length.
Fiber Concentrations in Water
In 1980, two publications summarized the data on asbestos in drinking water that had been gathered from literature and other U.S. Environmental Protection Agency analytical records (1, 2) . The Kanarek , Conforti, and Jackson (9) reported concentrations of asbestos as high as 34 million fibers/L in an AC distribution system with essentially nonaggressive water. The condition ofthe pipe surface was not investigated. In-house work by Schock and Buelow (10) has indicated some theoretical reasons why the AI will not always correctly predict fiber release from AC pipe. Other in-house research has suggested that iron, which is not considered in the AI, can, in concentrations at about 0.3 mg/L, coat the surface of a pipe in some way, even in the presence of an aggressive water. This coating does not necessarily prevent calcium from being depleted by the action of the aggressive water on the cement, but binds the fibers and prevents them from being eroded off the pipe. These data are consistent with an early Norwegian study (11) and some recent data from Germany (12) that showed protective iron-containing coats even in some aggressive water situations.
In response to a National Academy of Sciences recommendation that data were needed on the particulate concentration in typical U.S. drinking water, a survey was designed to obtain a representative picture of the particulates in U.S. water systems. Because of the time, cost and effort involved with the asbestos and other analyses, the survey was designed to sample only 100 U.S. water supplies. In order to get a representative sampling with only 100 collections, a stratified random sampling was done from the Community Water Systems Survey Database (13) . This database list of 984 systems was originally obtained by a stratified random sampling of a list of over 40,000 utilities compiled by the USEPA Office of Drinking Water. A sample of 2139 utilities was randomly selected from the list, which was stratified geographically by EPA regions and demographically by seven population classifications of systems serving between 25 and 100,000 persons. Added to the sample was a list of all 232 utilities serving over 100,000 persons. Questionnaires were sent to these systems and the respondents, 948 systems, make up the Community Water Systems Survey Database.
From the database list stratified according to regions and three population groups, two groups of 100 systems were drawn as shown in Table 2 . The second set of 100 acted as a reserve in the event a utility in the first group could not be sampled. Table 2 shows that the distribution by cell of the 100 utility sample stratified for population size and geographic area, and the original database distribution by cell, represent about the same percentage of the total.
The water samples from residential drinking water taps were collected in the distribution systems of the utilities by EPA regional personnel, State health personnel, or local utility officials. The results of the asbestos analyses for these 100 utilities are shown in Table 3 . When compared with the results from all asbestos analysis data available in 1982 (Table 4) , the data from the representative sampling show a slightly lower percentage in the > 10 million fibers/L group. This may reflect the emphasis in the overall data on collecting more water samples from areas thought to have problems with asbestos. A survey of asbestos fibers in Canadian water supplies concluded that 5% of the public receive water with fiber concentrations exceeding 10 x 106 fibers/L (14) . Consideration of the population served by the U.S. water supplies shown in Table 4 suggests that the percentage of U.S. population receiving water with fiber concentrations exceeding 10 million fibers/L is similar but somewhat less than the 5% figure determined for the Canadian population.
Sizes of Fibers
The length of a vast majority of asbestos fibers found in water supplies was less than 5 ,um. Large numbers of waterborne chrysotile fibers have been sized in conjunction with an epidemiology study in California (15) and one in Puget Sound (Washington) (16) . A comparison of the fiber size Table 5 shows that the San Francisco Bay Area water has a slightly higher percentage of longer fibers than that of the Puget Sound area. Some caution is suggested when comparing these data, however, because the analytical methods used for sizing asbestos fibers in the Puget Sound area study (17) were more refined and perhaps more sensitive to small fibers than the methods used to characterize the asbestos fiber sizes of the Bay Area waters, which were studied at an earlier time (18) .
Nonasbestos Fibers
For the survey of consumers' tapwater from 100 water utilities chosen to represent the size of population served and U.S. geographic area, data show a range in turbidity from 0.1 to 19 nephelometric turbidity units (NTU). The mean value for the set was 1.9 NTU. Particle counts from the same set of samples using a HIAC particle counter showed a range of 14,000 to 10,700,000 particles/L. The particles measured ranged in diameter from 2.5 to > 150 jim. The median particle size was 4 jim. Two nonasbestos mineral fibers, palygorskite and halloysite, have been found in concentrations over 1 million fibers/L in drinking water (19) , but the occurrence of these forms of fibers is not widespread in water systems. Silicate algal scales, a biologically produced rigid fiber, can be found in a number of water systems (20) . Glass fibers have not been identified in any water systems.
Conclusions
Additional data have not suggested that a change is necessary in the earlier conclusion (1) that the majority of U.S. water consumers are not exposed to constant concentrations of asbestos fibers over 1 million fibers/L. In some areas, however, people are exposed to concentrations of asbestos fibers over 1 billion fibers/L. The sizes of asbestos fibers in drinking waters vary depending on the source of the fibers. Generally, asbestos fibers found in drinking waters are less than 5 ,um in length.
